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Abstract: The scope of this public note is to present preliminary measurements of MeV energy
signatures and relevant backgrounds for beam neutrino interactions using a dedicated reconstruction
technique, expanding upon the original study by ArgoNeuT. We also use this technique to identify and
quantitatively analyze the low energy activity emanating from the field cage support ribs in the MicroBooNE
detector and discuss how the usage of similar construction materials could be a source of background for low
energy physics analyses in future neutrino detectors such as the Deep Underground Neutrino Experiment
(DUNE). We also highlight the application of the low energy reconstruction technique to studies of neutrino

interactions from core-collapse supernovae and muons decaying at rest (uDAR).

1. Introduction

This public note presents the first evaluation of both position and energy reconstruction of sub-MeV energy
depositions from neutrino interactions in the MicroBooNE Liquid Argon Time Projection Chamber (LArTPC)
utilizing unblinded datasets from parts of Run 1 (October 15, 2015 - October 15, 2016) and Run 3 (October 27,
2017 - September 17, 2018). Developing the capability to study these low-energy depositions is necessary for
several LArTPC physics analyses envisioned for MicroBooNE, as well as DUNE and other LArTPC experiments.
These analyses include: supernova neutrino searches; 3°Ar studies; reconstruction of nuclear de-excitations and
neutron scatters in neutrino interactions and neutron captures on Ar.

This note is organized as follows. introduces the MeV-scale reconstruction and its implementation
in MicroBooNE. [Section 3] highlights the measurement of the cosmogenic backgrounds that mimic the low energy
activity of interest. In[Section 4]we discuss the MeV-scale energy signatures produced in Booster Neutrino Beam
(BNB) neutrino interactions within the detector. In[Section 5|we present the spatial distribution of reconstructed
low-energy activity within the detector, that reveals unexpected ‘hot-spot’ regions within the detector which
are correlated to physical objects present in the detector volume. We also investigate the radiological origin of
the hot-spot activity and arrive at preliminary conclusions. Finally in we describe the applications of
the low energy activity analysis in developing the reconstruction for v, events originating from muon decay at

rest (uWDAR) and core-collapse supernovae.
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2. MeV-scale Activity Reconstruction

MicroBooNE primarily studies accelerator neutrino events with energies in the range of 0.2-2.0 GeV. The

Figure 1: MeV-scale electromagnetic activity reconstructed around the neutrino vertex (On-beam data) in the
form of white circles around hits. The neutrino vertex is indicated by the pink circle. Neutrino correlated tracks
are enclosed by conical and cylindrical veto region of radius 5cm, whereas cosmogenic tracks are enclosed by a
cylinder of radius 15cm

analysis described in this note focuses on the study of isolated energy depositions in the detector that have
energies of the order 0-5 MeV. Such depositions can originate from nuclear de-excitation gamma rays, neutron
scatters, and radiological activity, such as 3?Ar beta decays. Fig. 1 illustrates an example of a neutrino
interaction in the MicroBooNE detector, where the encircled objects are low-energy charge depositions that
have been reconstructed using the tools developed in this analysis.

ArgoNeuT has successfully demonstrated the reconstruction of low-energy MeV photons from nuclear de-
excitations and neutron scatters in neutrino interactions, and this analysis adapts that same approach [I].
Given that MicroBooNE is a much larger detector with finer wire pitch (3 mm) than ArgoNeuT (4 mm), it
is possible to reconstruct low-energy objects much further away from the interaction vertex and with better
spatial resolution. In addition, lower intrinsic noise due to the use of cold electronics in MicroBooNE detector
allows for lower energy thresholds, which enhances the reconstruction of extremely low energy electromagnetic
interactions.

MeV-energy photons can be produced in neutrino-argon interactions due to the de-excitation of the target
nucleus and the inelastic scattering of final-state particles. When a neutrino interacts with an “°Ar nucleus, the
remaining residual nucleus is often left in an excited state, which de-excites via the emission of a photon or a
cascade of photons with energies ranging up to 10 MeV. Final-state particles, such as neutrons, inelastically

scatter off other *°Ar nuclei or are captured to produce photons in the same energy range. Photons are



neutral particles and hence cannot be directly detected. Instead we detect electrons resulting from a photon
interaction, which, in liquid argon (LAr) over the energy range of 0-10 MeV is predominantly Compton scattering
[2]. Photons generally lose only a small fraction of their total energy in each Compton scattering interaction,

leading to a spray of small and scattered energy deposits associated to each photon.

2.1. Lowering Energy Thresholds

For an MeV-scale reconstruction, it is necessary to lower hit finding thresholds from the default values to be
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Figure 2: Reconstructed energy spectra of low and high threshold data samples

able to recover as much energy as possible. Thresholds are primarily set at the signal processing stage of data
analysis. The main objective behind all threshold lowering exercises is to identify the noise floor and to vary
threshold parameters so that any energy deposition above that floor can be reconstructed. There are four main
parameters which enable threshold lowering in data : No formation on collection plane, No formation on the
induction planes (where No refers to the number of standard deviations above from the root mean squared
(RMS) noise thresholds on each wire plane), Region of Interest (ROI) amplitude in the number of electrons
(peak value for a single hit) and ROI average in the number of electrons (mean value for a single hit). In
the default threshold data set, the respective values for No formation on collection and induction plane, ROI
amplitude in the number of electrons and ROI average in the number of electrons are 3,5,1000 and 500, whereas
that in low threshold data set are 2,3,300 and 100 respectively.

In Fig. 2, we see the comparison of the energy spectra between the data sample with default thresholds and
the one with lowered thresholds. In the default threshold dataset, we are able to reconstruct activity as low as
0.25 MeV in energy, whereas in the low threshold dataset, the energy reconstruction can be as low as 0.1 MeV.
Additionally, in the low threshold dataset we see indications of contributions from noise and 3?Ar activity in

the 0-0.5 MeV energy range.
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